Structure of PEO, P3HT and PEO/P3HT films
. XRD spectra of the films.
Previous studies confirmed the ionic conductivity of salt dissolved PEO strongly depended on phase segregation, which led to a crystalline phase of PEO, a crystalline phase of PEO-salt complex, and an amorphous phase. [1] [2] [3] Among them, the amorphous phase is the primary contributor of ionic conductivity. To explore the crystallization of PEO-Ca 2+ electrolyte, the XRD patterns were obtained and shown in Figure S1 . In the range of 2θ from 15° to 25°, the P3HT film exhibited no characteristic peaks. Figure S2 . XRD spectra of P3HT films with different annealing process
In Figure S2 , we show the XRD pattern of P3HT film on Pt/Si substrate with different annealing process. In the range of 2θ from 4° to 10°, the Pt/Si substrate showed no peaks, and the typical diffraction peaks of crystalline P3HT at 5.4° were found in all P3HT samples. The characteristic peaks of samples with complete annealing (at 100 ℃ for 1 h and then at 120 ℃ for 20 min, or at 100 ℃ for 12 h) exhibited larger intensity than those with incomplete annealing (at 100 ℃ for 1 h, or at 50 ℃ for 1 h, or without annealing), suggesting better crystallization of P3HT with annealing under higher temperature or longer time. The previous study showed the characteristic peaks at about 5.4° and 23.4° respectively corresponded to edge-on and face-on chain orientation under out-of-plane measurement.
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found (in Figure S2 deep blue line) and the peak at 23.4° was not found (in Figure S1 ), we can conclude that the P3HT film we used in synaptic experiments (annealed at 100 ℃ for 1 h and then at 120 ℃ for 20 min) displayed edge-on stacking mode of P3HT
chains. This molecular alignment has been thought to hinder charge transfer across the molecule/metal interface. 7 We think it might result in the difficulty for ionic doping into the P3HT layer as shown in the following Raman spectra of the initial state ( Figure S3) and short term plasticity in Figure 2 . 
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In situ Raman analysis has found that ionic doping into P3HT occurred under the external bias. [8] [9] Our previous study has found that the initial state of P3HT was not doped for the salt-doped PEO/P3HT double layer. 10 We further mixed P3HT and Ca-PEO, and found that the main peak (1445 cm -1 ) and the second strong peak (1378 cm -1 ) are not moved, and the relative strength is not changed ( Figure S3 ) yet. However, we found that the ratio of integration for these two peaks was enlarged compared with pure P3HT. For example, the ratio was 7.96 for the pure P3HT but 9.22 for the sample of PEO-CaTf 2 (40:1), 11.3 for the sample of PEO-CaTf 2 (40:5). The broadness of the main peak might relate to the reduction of the molecule domain for P3HT, which might enhance the diffusion probability of ions through the intervals into the molecule rings.
This suppose needs in situ monitoring under the condition of applying bias. that by introducing a semiconducting polymer layer, the migration of cations is clearly blocked when applied positive bias. 10 We did all electrical experiment at the room temperature. The ionic conductivity of PEO-salt complex will significantly decreased as temperature drops, and when temperature rises, PEO may turn to viscous state, which is to the disadvantage of application.
Electrical properties of PEO-Ca(CF
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Figure S5. I-V property of P3HT Film
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The conduction of the P3HT film was examined as shown in Figure S5 . One can see that the Pt film was about 33.5 Ω when the two probes were in the distance of 2 mm.
The resistance of P3HT film is that perpendicular to the film plane and about 30 Ω. This value demonstrates that the resistance of P3HT film contribute less to that of the PEO-Ca(CF 3 SO 3 ) 2 /P3HT double layer and the interface polarization is the origin of the enhanced resistance and rectification. In Figure S6 , we show the Nyquist impedance of PEO-Ca 2+ single layer device (EO:Ca=32:1). As the ionic migration dominated the charge transportation, the impedance spectra supposed to be a single semicircle at high frequency and a capacitive S8 tail at low frequency. Since the low-frequency signal of thin-film device was quite instable due to the great roughness of PEO, the frequency range started from 1 kHz to 1
MHz, resulting in the loss of the capacitive tail. An equivalent circuit shown in the inset of Figure S6a was built according to the reported method. 11 We chose a cylinder with 100 μm radius (the same as the island electrode) and 20 μm height (the same as the thickness of PEO-Ca 2+ layer) as a simplified geometry of the sandwiched device, then obtained the ionic conductivity of 6.18E-7 S/cm in single layer device, which was within the range of reported conductivity value of PEO+salt complex. 1, 3 In Figure S6b we show the Nyquist impedance of PEO-Ca 2+ /P3HT double layer device (EO:Ca=32:1).
The standard analysis using the same equivalent circuit showed a less obvious semicircle at high frequency, which indicated the significantly modulation of ion migration by PEO/P3HT interface.
Pulse responses of the Ca
2+ -PEO single layer device
We examined pulse responses of the Ca 2+ -PEO single layer device as shown in Figure   S7 . The pulse sequences were composed of 200 triangular pulses with amplitude of 0.7 V and loading rate of 100 V/s. The discharging peaks were adopted as well as that described in the main text as post-spike current (PSC) for weight calculation. As pulse number and frequency increases, the responding current monotonically increased, which resembles a merely facilitating short-term plasticity. We attributed this capacitor-like property to accumulation of ions at both side of the salt-doped PEO electrolyte, and established a quantitative model to describe the contribution of this process to internal S9 electrical field. 12 Comparing to double layer device, the lack of depression at a time scale of a few seconds indicated that there was no physical or chemical process that interfered the internal field. interface. S11 S12 Figure S8 . These value derived from lest square fitting of 200 experiment data points by Equation (14). The value of and can be deduced from , , , and the pulse interval Δt according to Equation (10) . The value of f and a in 10 Hz experiment cannot be got because the facilitation period is indiscernible.
Simulation parameters of the post-tetanic stimulation experiment.
As we discussed in the paper, the post-tetanic plasticity also fits out model. The device was stimulated by a complex train of pulses (triangular pulses with amplitude of 0.7 V and loading rate of 100 V/s) consisting of 1 Hz (20 pulses)-high frequency (200 pulses)-1 Hz (20 pulses). As was far smaller than in our model, depression S13 dominated the post-tetanic stimulation. According to Equation (20), we fit experiment data using parameters as shown in Table S2 . 
